1. Introduction {#sec1-ijerph-17-04279}
===============

The outbreak of novel coronavirus, severe acute respiratory syndrome coronavirus (SARS-CoV-2), first reported in Wuhan, China, that contributed to an increased morbidity and mortality, was declared to be a major worldwide pandemic by the World Health Organization (WHO) \[[@B1-ijerph-17-04279]\]. Since then, recent advances in understanding the pathological progression and transmission of coronavirus disease (CoVID-19) have contributed to efforts toward the development of pharmacological and non-pharmacological strategies. Although, coronaviruses (CoVs) were initially contemplated to be a cause of multifaceted diseases in mammals and birds with its origin in bats \[[@B2-ijerph-17-04279]\], the evolution of this virus has resulted in its increased pathogenicity in humans. CoVs, in general, were deemed important in veterinary responses; however, since the outbreak of human coronavirus (HCoV) causing severe acute respiratory syndrome (SARS-CoV) in 2003, Middle East respiratory syndrome coronavirus (MERS-CoV) in 2012, and the recent outbreak of SARS-CoV-2, it has been labeled as an "emerging pathogen" in humans.

Given their high pathogenicity in humans and the extent of global impact caused by the HCoV outbreaks in the past two decades, it has been a topic of great interest; hence, the mechanistic action of this virus is being thoroughly investigated by researchers. The causative agent of the current pandemic presenting as a viral pneumonia, SARS-CoV-2 is a group of large, enveloped RNA viruses under the Coronaviridae family, classified specifically under the Nidovirales order \[[@B3-ijerph-17-04279]\]. The cumulative line of evidence demonstrates that SARS-CoV-2 shares 79.6% of sequence identity to the SARS-CoV outbreak in 2003, at a genomic level, while the genomic sequence is almost 96% identical to the bat coronavirus \[[@B4-ijerph-17-04279]\], which provides a significant insight to understanding CoVID-19 and its origin. While understanding the origin and the evolution of SARS-CoV-2 is imminent, the clinical manifestation of this virus in humans and the increasing number of symptomatic and asymptomatic "carriers" every day, presents growing concern for public health.

The aggressive growth in numbers of emerging cases suggests the rapid spread of the virus in naïve population and improvement in diagnostic capability during this CoVID-19 outbreak, however, there is an increasing evidence of epidemiological disparity in disease burden between urban and rural areas \[[@B5-ijerph-17-04279],[@B6-ijerph-17-04279],[@B7-ijerph-17-04279]\]. The differences in the urban and rural areas can highly determine the influence of a viral pandemic, in terms of viral transmission, diagnostics, morbidity, and mortality \[[@B5-ijerph-17-04279]\]. These differences mainly arise from the socioeconomic factors, access to healthcare, and pandemic preparedness. Given the higher percentage of U.S. rural population being old (age ≥ 60), individuals with obesity (body mass index (BMI) ≥ 30) and associated co-morbidities along with their smoking status; these factors puts them at higher risk of infection and severe complications arising from CoVID-19. Hence, this review aims to provide an insight on the modality and transmission dynamics of the SARS-CoV-2 clinical characteristics persistent with the virus and further discuss efforts toward the development of pharmacological and non-pharmacological strategies to combat its progression in humans. This review also aims to assess the challenges of the CoVID-19 pandemic in rural settings based on the past pandemic experiences and the overall effect on rural population.

2. Methods {#sec2-ijerph-17-04279}
==========

The methodology of this study followed the principles of literature review. The study was conducted based on literature identification and collection, literature analysis, and literature categorization.

2.1. Literature Identification and Collection {#sec2dot1-ijerph-17-04279}
---------------------------------------------

The databases of this research included Academic Search Premier, PubMed, ProQuest, Science Direct, and Google Scholar. An extensive search was performed from various governmental websites including the World Health Organization (WHO) and Centers for Disease Control and Prevention (CDC). The keywords used for the search included the following: "coronavirus" OR "pandemic" OR "pathogenesis" OR "SARS-CoV-2" AND "CoVID-19" OR "human transmission" OR "pharmacological" AND "nonpharmacological" OR "clinical characteristics" AND "the U.S." AND "rural healthcare". The articles were retrieved from our search and further distinguished for relevancy.

2.2. Literature Analysis {#sec2dot2-ijerph-17-04279}
------------------------

The research articles chosen were reviewed for government guidelines, mitigation strategies, persisting symptoms, CoVID-19 morbidity and mortality, and U.S. rural healthcare. The inclusion and exclusion criteria were set to only evaluate articles and data published from 2003 to 2020 in order to limit this search. Furthermore, this search was restricted to all the articles available as full text and published in the English language. Any relevancy or information deemed important was also included from articles published outside U.S. A total of 181 articles was assessed by three reviewers for relevancy, out of which 96 references and citations were utilized.

2.3. Literature Categorization {#sec2dot3-ijerph-17-04279}
------------------------------

The articles were reviewed based on their abstracts to find out the relevancy to this study. Conclusively, the findings were presented under the subheadings of: Pathogenesis of CoVID-19, Transmission Dynamics of CoVID-19, Clinical Characteristics Persistent with CoVID-19, Pharmacological and Non-pharmacological Intervention, and, finally, Challenges in Rural Population.

3. Results {#sec3-ijerph-17-04279}
==========

3.1. Pathogenesis of CoVID-19 {#sec3dot1-ijerph-17-04279}
-----------------------------

CoVs normally cause enteric diseases in several animal species and affect the respiratory tract of mammals, including humans, and lead to mild-to-severe respiratory tract infections \[[@B8-ijerph-17-04279]\]. Studies report five major protein regions for HCoVs, such as replicase complex, spike, envelope, membrane, and nucleocapsid proteins, that function in viral structure assembly and replications \[[@B9-ijerph-17-04279]\]. The overlapping open reading frames (ORFs) of replicase complex, *ORF1a* and *ORF1b*, encode 16 non-structural proteins (nsp) of viral RNA synthesis complex through proteolytic processing \[[@B10-ijerph-17-04279]\]. The *nsp12* is a viral RNA-dependent RNA polymerase, together with co-factors *nsp7* and *nsp8* possessing high polymerase activity. A recent study showed 94.4% similarity in the amino acid sequences of the seven conserved replicase domains in ORF1ab of SARS-CoV and SARS-CoV-2 \[[@B4-ijerph-17-04279]\]. The spike (S) is a transmembrane glycoprotein, that comprises two domains: S1 and S2, which play a pivotal role in mediating viral infection through binding the host receptor \[[@B11-ijerph-17-04279],[@B12-ijerph-17-04279]\]. The interaction between the S1 domain and its cognate receptor triggers a conformational change in the S protein, which then promotes membrane fusion between the viral and cell membrane through the S2 domain \[[@B13-ijerph-17-04279]\]. The three short insertions in the N-terminal domain as well as changes in four out of five of the key residues in the receptor-binding motif compared with the sequence of SARS-CoV are the key differences recently found by scientists in the *S* gene of SARS-CoV-2 \[[@B4-ijerph-17-04279]\]. The major host cell receptors utilized by all HCoVs are aminopeptidase N by HCoV-229E \[[@B14-ijerph-17-04279]\], angiotensin-converting enzyme 2 (ACE2) by SARS-CoV \[[@B15-ijerph-17-04279]\] and HCoV-NL63 \[[@B16-ijerph-17-04279],[@B17-ijerph-17-04279]\], dipeptidyl peptidase 4 (DPP4) by MERS-CoV \[[@B18-ijerph-17-04279]\], and 9-O-acetylated sialic acid by HCoV-OC43 and HCoV-HKU1 \[[@B19-ijerph-17-04279],[@B20-ijerph-17-04279]\].

A recent study showed that CoVID-19 is able to utilize the same membrane-bound ACE2 as an entry receptor in ACE2-expressing cells with higher affinity than SARS-CoV and does not use other coronavirus receptors \[[@B4-ijerph-17-04279],[@B21-ijerph-17-04279]\]. ACE2 is highly expressed in the mouth and tongue, facilitating viral entry in the host, and in lungs it is expressed in lower lungs on type I and II alveolar epithelial cells. After infection, SARS-CoV-2 entry starts with the binding of the spike glycoprotein expressed on the viral envelope to ACE2 on the alveolar surface. The binding of SARS-CoV-2 to ACE2 stimulates the clathrin-dependent endocytosis of the whole SARS-CoV-2 and ACE2 complex, inducing fusion at the cell membrane \[[@B22-ijerph-17-04279]\]. The membrane fusion and endosomal cell entry is facilitated by the low pH in the cellular environment and pH-dependent endosomal cysteine protease cathepsins \[[@B8-ijerph-17-04279]\]. Once inside the cells, SARS-CoV-2 exploits the endogenous transcriptional machinery of alveolar cells to replicate itself and spreads through the entire lung \[[@B8-ijerph-17-04279]\]. The nucleocapsid helps for packaging the viral genome through protein oligomerization. As the infection progresses, it deleteriously affects the normal activity of most of the ciliated cells in the alveoli that clear the airways, with a consequent progressive accumulation of debris and fluids in the lungs and eventually leads to acute respiratory distress syndrome (ARDS). In addition to the alveolar cells in the lungs, ACE2 expression has been reported in other organs, including the kidney, the heart, and the gut \[[@B23-ijerph-17-04279]\], which supports the commonly reported co-morbidities of CoVID-19, such as acute kidney injury (AKI), cardiac damage, and abdominal pain.

3.2. Transmission Dynamics of CoVID-19 {#sec3dot2-ijerph-17-04279}
--------------------------------------

As the first cases of the CoVID-19 were linked to direct exposure to the Huanan Seafood Wholesale Market of Wuhan, China, animal-to-human transmission was initially presumed \[[@B24-ijerph-17-04279],[@B25-ijerph-17-04279]\]. However, subsequent cases revealed the scope of human-to-human transmission through the individuals in the incubation stage or showing symptoms. Through the widespread information available and recent increase in understanding of the SARS-CoV-2, the virus appears to have an incubation time ranging from 2 to 14 days \[[@B26-ijerph-17-04279],[@B27-ijerph-17-04279],[@B28-ijerph-17-04279],[@B29-ijerph-17-04279]\]. A recent report suggested that the symptomatic patients had higher viral loads, detected in the nose and throat, following the onset of their symptoms \[[@B30-ijerph-17-04279]\]. These viral loads peaked around 5--6 days following the symptoms onset \[[@B31-ijerph-17-04279]\]. Consequently, the asymptomatic patients had a viral load similar to symptomatic patients \[[@B30-ijerph-17-04279]\]. Hence, such human-to-human transmission through symptomatic and asymptomatic carriers caused the epidemic to gradually grow over weeks, eventually becoming a global pandemic. The human-to-human transmission is mainly through the inhalation of respiratory droplets from coughing and sneezing and through contact of infected surfaces, then mediating the infection through the mouth, nose, or eyes \[[@B32-ijerph-17-04279]\]. Transmission via the inhalation of exhaled respiratory droplets may occur as aerosol droplets that can survive for prolonged periods, mediating long-range human-to-human transmission via air movement. Inhalation of virus-laden fine particles could transport the virus into deeper alveolar and tracheobronchial regions, which could increase the chance of infective transmission and oxidant pollutants in air can impair the immune function and attenuate the efficiency of the lung to clear the virus in the lungs. Pro-inflammation, injury, and fibrosis from inhaled airborne particulate matters combined with an immune response or cytokine storm induced by SARS-CoV-2 infection could enhance the infection severity \[[@B32-ijerph-17-04279]\]. Since human-to-human transmission is the primary mode of transmission of the virus, the international public health response toward mitigating CoVID-19 has largely been based on social/physical distancing, isolation of cases, and quarantine measures \[[@B25-ijerph-17-04279]\].

Further studies have also shown that infectious viruses, including CoVs, can survive for long periods outside of the host organism, increasing the opportunity for transmission via touch \[[@B33-ijerph-17-04279]\]. It has been reported that SARS-CoV-2 can last about three days on plastic and stainless steel surfaces, about one day on cardboard surfaces, and about four hours on copper surfaces \[[@B34-ijerph-17-04279],[@B35-ijerph-17-04279]\]. Despite these evidences, this is not thought to be the main way the virus spreads (CDC). Apart from that, CoVs were previously reported to remain infectious in water and sewage for days to weeks \[[@B36-ijerph-17-04279]\], which adds another potential transmission route if the quality of personal hygiene is poor. However, the mode of transmission for CoVID-19 through contaminated water does not have enough scientific evidence, hence, requires further studies to validate it.

3.3. Clinical Characteristics Persistent with CoVID-19 {#sec3dot3-ijerph-17-04279}
------------------------------------------------------

Among the earlier studies, CoVID-19 was reported to have a mean serial interval of 7.5 days, which is defined as the delay between disease onset dates in successive cases in chains of transmission \[[@B37-ijerph-17-04279]\]. Using the data from the serial interval distribution, the basic reproductive number was estimated to be 2.2 \[[@B37-ijerph-17-04279]\]. The identification of these characteristics is important as the study extensively inferred the doubling of CoVID-19 every seven days since each patient transmitted the infection to an additional 2.2 individuals. Similarly, other modeling studies estimated the basic case reproduction rate ranging from 2 to 6.47, while WHO published their early estimation to be ranging from 1.4 to 2.5 \[[@B38-ijerph-17-04279],[@B39-ijerph-17-04279],[@B40-ijerph-17-04279],[@B41-ijerph-17-04279]\].

CoVID-19 may present with a range of symptoms in humans, varying from mild cold-like symptoms to severe life-threatening respiratory tract infections. The infection begins with the gradual onset of symptoms following an incubation period of 2--14 days after exposure \[[@B26-ijerph-17-04279],[@B27-ijerph-17-04279],[@B28-ijerph-17-04279],[@B29-ijerph-17-04279],[@B42-ijerph-17-04279]\]. On the basis of disease severity, clinical manifestations can be categorized as mild (81%), severe (14%), and critical (5%), as noted in the CoVID-19 positive patients \[[@B41-ijerph-17-04279]\]. The initial infectious stage is characterized by mild constitutional symptoms and upper respiratory tract infection \[[@B41-ijerph-17-04279]\]. The most frequently experienced symptoms include fever, dry cough, sore throat, sputum production, fatigue, shortness of breath, and headache \[[@B42-ijerph-17-04279]\]. This is followed by other vague symptoms such as nasal congestion, rhinorrhea, sneezing, malaise, muscle pain, drowsiness, and myalgia \[[@B29-ijerph-17-04279],[@B41-ijerph-17-04279],[@B43-ijerph-17-04279],[@B44-ijerph-17-04279],[@B45-ijerph-17-04279]\]. With the number of cases increasing worldwide, other symptoms have also been reported, which are ever evolving and differ depending on the population studies. However, the question whether these symptoms are directly correlated with CoVID-19 manifestation, remains elusive and requires further scientific and clinical evidence.

Following an antecedent of 5--9 days of primary viral manifestations, these initially mild symptoms manifest as a progressively advanced disease accompanied by pneumonia and ARDS, which is the most ominous feature of this infection \[[@B29-ijerph-17-04279],[@B41-ijerph-17-04279],[@B43-ijerph-17-04279],[@B46-ijerph-17-04279]\]. Other secondary manifestations, which could be present, are RNAemia as a continuum of ARDS, chronic dyspnea, tachypnea, hypoxia, diarrhea, abdominal pain, metabolic acidosis, and coagulation dysfunction \[[@B41-ijerph-17-04279],[@B42-ijerph-17-04279],[@B47-ijerph-17-04279],[@B48-ijerph-17-04279]\]. Moreover, in critical cases, the virus can also trigger severe complications such as sepsis and septic shock, multiple organ dysfunction, and acute cardiac and renal injury \[[@B29-ijerph-17-04279],[@B41-ijerph-17-04279],[@B42-ijerph-17-04279],[@B43-ijerph-17-04279]\]. These complications are also linked with high levels of pro-inflammatory cytokines \[[@B29-ijerph-17-04279],[@B49-ijerph-17-04279]\] and hematological changes including leukopenia (33.7%), lymphopenia (83.2%), and thrombocytopenia (36.2%) \[[@B49-ijerph-17-04279]\]. Critical cases with secondary infections may also present co-infections of bacteria and fungi \[[@B43-ijerph-17-04279]\].

In addition to these overt symptoms, there has been a growing concern for asymptomatic cases \[[@B50-ijerph-17-04279]\]. These immunocompetent viral carriers present asymptomatic infections, not manifesting any symptoms, which unanimously pose an imminent danger and may have grave outcomes. Recent studies have signified the emergence of asymptomatic or mildly symptomatic infections as a potential portal of viral transmission that needs vigilant control to detect and mitigate these community-acquired infections \[[@B37-ijerph-17-04279],[@B46-ijerph-17-04279],[@B51-ijerph-17-04279],[@B52-ijerph-17-04279]\]. Individuals with viral tolerance present a potential challenge in the annihilation of this infection, especially in rural America, with inadequate health care infrastructure and high rates of chronic clinical issues \[[@B53-ijerph-17-04279]\]. Consistent with recent studies, the majority of critically ill CoVID-19 patients are known to have some underlying chronic medical conditions such as cardiovascular disease, diabetes, and chronic respiratory disease \[[@B29-ijerph-17-04279],[@B41-ijerph-17-04279],[@B42-ijerph-17-04279],[@B45-ijerph-17-04279]\]. These clinical conditions are also a significant health issue in the rural population; therefore, such patients are more vulnerable to developing severe CoVID-19 symptoms \[[@B54-ijerph-17-04279],[@B55-ijerph-17-04279],[@B56-ijerph-17-04279],[@B57-ijerph-17-04279],[@B58-ijerph-17-04279],[@B59-ijerph-17-04279]\].

3.4. Pharmacological Interventions {#sec3dot4-ijerph-17-04279}
----------------------------------

As there are no specific antiviral drugs or vaccine recommended specifically for SARS-CoV-2 infection for potential therapy of humans till date, scientists are endeavoring to find drugs to treat this disease. Currently, the treatment is symptomatic and oxygen therapy is considered as the major treatment intervention for patients with severe infection \[[@B41-ijerph-17-04279]\]. Pharmacological interventions that can prevent a mild state from progressing to the severe or critical state will significantly improve the overall prognosis of the disease. In order to reduce disease worsening and the mortality rate, developing an effective approach to modulate the immune system or suppress reactive cytokine production is of crucial importance. Studies are currently testing the efficacy of existing broad-spectrum antiviral drugs in inhibiting SARS-CoV-2 replication. The major drugs that exhibited promising inhibitory effects are remdesivir and chloroquine. Remdesivir is an adenosine analogue that cause premature termination of viral replication and has been recently recognized as a promising antiviral drug against a wide array of RNA virus (including SARS/MERS-CoV5) infections in various experimental models \[[@B60-ijerph-17-04279],[@B61-ijerph-17-04279]\]. Reports show that remdesivir can inhibit CoVID-19 infection efficiently in a human cell line (human liver cancer Huh-7 cells), which is sensitive to CoVID-19 \[[@B39-ijerph-17-04279]\]. Recent studies have also reported that remdesivir yielded promising results in the treatment of a patient with CoVID-19 in the U.S. \[[@B46-ijerph-17-04279]\], and further studies are currently under progress to evaluate the efficacy and safety of the drug. Chloroquine is an antimalarial drug, known to exert a potent antiviral effect by virtue of its ability to increase the endosomal pH required for virus/cell fusion and interfere with the glycosylation of cellular receptors of SARS-CoV \[[@B62-ijerph-17-04279]\]. A study demonstrated that chloroquine could function at both, entry and at post-entry stages of the CoVID-19 infection in Vero E6 cells and has an immune-modulating activity, which may synergistically enhance its antiviral effect in vivo \[[@B39-ijerph-17-04279]\]. Hydroxychloroquine is an antirheumatic drug with a similar chemical structure to chloroquine and exhibits a strong immunomodulatory capacity, which prevents inflammation flare-ups and organ damage \[[@B63-ijerph-17-04279]\]. It can also increase the intracellular pH, interrupt toll-like receptor (*TLR*) signaling and subsequent attenuation of proinflammatory signaling activation and production of cytokines, such as type I interferons, interleukin-1 (*IL-1*), and tumor necrosis factor-α (*TNF-α*) \[[@B64-ijerph-17-04279]\]. As severe CoVID-19 can be due to the overactivation of the immune system triggered by CoVID-19 infection, hydroxychloroquine can be suggested to attenuate the progression of the disease from mild to severe. IFN-α is a broad-spectrum antiviral used to treat hepatitis and is reported to inhibit SARS-CoV reproduction in vitro \[[@B65-ijerph-17-04279]\]. Lopinavir/ritonavir, a medication used to treat the human immunodeficiency virus (HIV), is also found to exhibit anti-SARS-CoV activity in vitro and in clinical studies \[[@B66-ijerph-17-04279]\]. Ribavirin, a nucleoside analogue with a broad-spectrum of antiviral effects, exhibited lower risk of ARDS and death when used in combination with lopinavir/ritonavir \[[@B65-ijerph-17-04279]\]. Favipiravir is a new type of RNA-dependent RNA polymerase inhibitor reported to possess anti-influenza virus activity and is capable of blocking the replication of flavi-, alpha-, filo-, bunya-, arena-, noro-, and other RNA viruses \[[@B67-ijerph-17-04279]\]. So clinical trials of favipiravir on CoVID-19 infection have now been initiated by the Clinical Medical Research Center of the National Infectious Diseases and the Third People's Hospital of Shenzhen. Other potential drugs include type II transmembrane serine protease (TMSPSS2) inhibitors and BCR-ABL kinase inhibitor imatinib. The ability of these drugs to block the entry and inhibit the fusion of virions with the endosomal membrane may provide anti-coronal activity \[[@B68-ijerph-17-04279],[@B69-ijerph-17-04279]\].

As discussed earlier in the light of recently published reports, 2019-nCoV can utilize ACE2 as an entry receptor in ACE2-expressing cells with higher affinity than SARS-CoV, suggesting potential drug targets for therapeutic development \[[@B4-ijerph-17-04279]\]. ACE2 also plays an important role in the renin-angiotensin system (RAS), and the imbalance between ACE/Ang II/AT1R pathway and ACE2/Ang (1--7)/Mas receptor pathway in the RAS will lead to multisystem inflammation, and studies have shown that RAS inhibitors could effectively relieve symptoms of acute severe pneumonia and respiratory failure \[[@B70-ijerph-17-04279]\]. One of our previously published articles highlights the possible interactions between a cytochrome P450 (CYP)-derived arachidonic acid metabolite, 20-hydroxyeicosatetraenoic acid (20-HETE), and RAS \[[@B71-ijerph-17-04279]\]. The findings showed that 20-HETE-induced hypertension in CYP4A2-transduced rats is associated with RAS upregulation and can be abrogated by ACE inhibition or angiotensin type 1 receptor (AT1R) blockade. The study evaluates the effect of lisinopril, losartan, 20-HEDE (20-HETE antagonist 20-hydroxyeicosa-6(Z), 15(Z)-dienoic acid), and HET0016, an inhibitor of 20-HETE, in modulating RAS, ACE, and various downstream signaling molecules involved in the pathway. Hence, our findings will also provide some valuable lead for the ongoing and future investigations on therapeutic interventions against CoVID-19. As the pandemic continues to affect increasing an number of people, scientists around the world are actively exploring the efficacy and safety of the drugs in the treatment of CoVID-19 and the findings need to be validated in further preclinical and clinical trials.

3.5. Non-Pharmacological Interventions {#sec3dot5-ijerph-17-04279}
--------------------------------------

Non-pharmaceutical public health measures are vital in curtailing disease spread \[[@B41-ijerph-17-04279],[@B45-ijerph-17-04279],[@B72-ijerph-17-04279]\]. To constrain local transmission and to reduce the impact of the CoVID-19 pandemic, the WHO has recommended non-pharmacological interventions that are specifically geared to limit the spread of the infection from person to person and reduce the number of mortalities \[[@B41-ijerph-17-04279]\]. Strategies to mitigate the transmission entail personal and community-based actions \[[@B29-ijerph-17-04279]\]. Non-pharmacological interventions are perhaps some of the most effective ways to prevent widespread mortality of the disease by slowing the rate of infection to a manageable level that healthcare systems can withhold.

Personal interventions include, frequent hand washing after every 15--20 min \[[@B29-ijerph-17-04279]\], use of hand sanitizers with ≥60% alcohol content, wearing face masks, encouraging people to cover their mouth and nose during coughing and sneezing, keeping a distance from sick people, avoiding contact with face and mouth with unwashed hands \[[@B41-ijerph-17-04279],[@B45-ijerph-17-04279]\], and self-quarantine when a person feels unwell \[[@B41-ijerph-17-04279]\]. Whereas, community-based mitigation strategies include, social distancing, avoiding crowded areas, and restriction on public gathering and non-essential traveling \[[@B29-ijerph-17-04279],[@B41-ijerph-17-04279]\].

In addition to these measures, studies have shown the supportive effects of herbal or nutritional interventions, including immune-boosting nutrients and herbs that can help overcome upper respiratory tract viral infections \[[@B73-ijerph-17-04279]\]. Complementary therapies that can boost the immune response at the initial stage of CoVID-19 infection might be a prudent approach to overcome the symptoms associated with this infection \[[@B74-ijerph-17-04279]\]. There has also been evidence that traditional or herbal medicine has helped improve the condition of patients with CoVID-19 or those who presented with symptoms. A study in the Chinese population following traditional Chinese medicine found that patients who were treated with qingfei paidu decoction (QPD), a herbal Chinese traditional medicine (a combination of 4 different herbal formulas consisting of 21 herbs in total), were found to have an effective cure rate of over 90% against 701 confirmed cases of CoVID-19 \[[@B75-ijerph-17-04279],[@B76-ijerph-17-04279]\]. In light of this evidence, the Chinese government promoted this herbal treatment to be used in the diagnosis and treatment of patients who have or are suspected to have CoVID-19. QPD was also recommended by the Korean government's guidelines for severe cases of CoVID-19 \[[@B76-ijerph-17-04279]\]. Combined remedies of both herbal medicine and western medicine were also found to be more effective than using western medicine alone in treating patients with CoVID-19 \[[@B77-ijerph-17-04279]\].

Furthermore, in response to the current pandemic, WHO recently supported the use of scientifically proven traditional medicines. The recognition by WHO toward traditional, herbal, and complementary medicine, included the use of the medicinal plant *Artemisia annua* against coronavirus, which is being used by African countries. The use of *Artemisia annua* was also boosted by Madagascar in the form of an herbal drink, widely known as "Covid-Organics". Although there is ample evidence present for the positive effects of this medicinal plant \[[@B78-ijerph-17-04279],[@B79-ijerph-17-04279],[@B80-ijerph-17-04279],[@B81-ijerph-17-04279]\], WHO advised testing the efficacy and adverse side effects of this plant through rigorous clinical trials, before prescribing it to CoVID-19 affected patients. Therefore, non-pharmacological interventions suggested by WHO and used by other countries possess potential defense against the spread of this infection, even when drugs and vaccines will be available. These measures can provide protection to the individuals exposed to the virus, by limiting the symptomatic complications arising from CoVID-19, eventually reducing the overall mortality rate. Future studies are recommended to provide valid and reliable containment measures to control the local transmission of this infection.

3.6. Challenges in Rural Population {#sec3dot6-ijerph-17-04279}
-----------------------------------

The worldwide escalation and clinical manifestation of CoVID-19, despite constant efforts from the healthcare workers and respective governments to minimize its impact, may still be underdiagnosed. Studies have demonstrated that the risk of mortality from CoVID-19 is significantly higher in the aging population, including patients with pre-existing comorbidities. Reflecting on earlier data, 80% of the mortality related to CoVID-19 was noted among adults aged ≥60 years \[[@B82-ijerph-17-04279]\]. These observations raise serious public health concerns, considering that 19.3% of the U.S. population resides in rural areas with the average age of rural Americans being 73.3 years \[[@B83-ijerph-17-04279]\] (U.S. Consensus). There is also a high rate of obesity in rural populations \[[@B54-ijerph-17-04279]\]. This is important as there are indications that a possible reason for a higher mortality rate for CoVID-19 in Italy compared to China could be the fact that there is a higher percentage of obesity in older adults in Italy, noting a similar pattern that occurred with the H1N1 pandemic \[[@B84-ijerph-17-04279]\]. Besides this, rural areas tend to have a higher percentage of smoking within the population \[[@B85-ijerph-17-04279]\]. CoVID-19 being a respiratory illness, individuals with a smoking history have higher chances of being affected by the virus and having a severe case that requires ventilation is compounded. While several strategies have been adopted to prevent the spread in urban populations, preventing the transmission dynamics and the spread of CoVID-19 in rural regions have received limited attention. Although rural regions have limited human mobility and relatively lower population densities than urban settings \[[@B86-ijerph-17-04279]\], the extent of morbidity and mortality might be significantly higher in the viral-inflicted rural population, making the containment and mitigation of viral transmission unmanageable.

Apart from the potential significant impact of CoVID-19 on the aging population in rural America, the rural healthcare delivery system remains relatively under-resourced. Rural areas across the world have been greatly impacted by pandemics in the past, and it is clear with CoVID-19 that there are on-going issues related to the infrastructure in these communities that have not been addressed. Previous pandemics such as the H1N1, Influenza A caused high mortality rates in rural Turkey, and these deaths were directly linked to lack of advanced intensive care unit (ICU) facilities with preliminary ventilator support \[[@B87-ijerph-17-04279]\]. This could easily contribute to the existing problem among other issues such as late diagnosis and late antiviral therapy. The limited availability of ICU facilities is still an issue in rural areas, particularly in the United States. Although there has been a trend of an increasing number of ICU beds being added to hospitals, these ICU beds have been found to be concentrated in large, urban hospitals while small-to-medium hospitals had decreased ICU capacity \[[@B88-ijerph-17-04279]\]. As noted previously, severe cases of CoVID-19 can require ventilation, which is primarily available in ICUs. With rural populations having less access to these resources, the mortality rate can rise. Besides a lack of ICU availability, the healthcare in rural America has noted a significant disparity in terms of the distribution of professional resources, such as lack of healthcare workers, major healthcare institutions, and overwhelming financial burden, as compared to urban settings \[[@B89-ijerph-17-04279]\]. Limited physicians, healthcare training opportunities, delayed care, disparities in patient demographics (older population), and substandard quality of healthcare are already reflected in overall health outcomes as the mortality is higher in rural populations \[[@B90-ijerph-17-04279]\]. These observations suggest lack of pandemic preparedness in rural America; hence, the global spread of CoVID-19 may significantly impact rural communities to a greater extent.

The effectiveness of CoVID-19 pandemic mitigation primarily requires a high level of participation from each individual, such as having adequate knowledge of the viral transmission, engaging in appropriate self-care, following self-hygiene guidelines and social distancing, which are fundamental in avoiding preventable hospitalizations \[[@B29-ijerph-17-04279]\]. However, due to lower socioeconomic resources in a rural setting, there is limited literacy, specially health literacy, among the rural population, which may exacerbate the impact of CoVID-19 in rural areas \[[@B91-ijerph-17-04279]\]. The cumulative line of evidence have demonstrated that poor adult literacy is strongly correlated with reduced health knowledge and self-management skills, reduced physical and mental health, higher rates of hospitalizations and increased morbidity and mortality \[[@B92-ijerph-17-04279],[@B93-ijerph-17-04279],[@B94-ijerph-17-04279]\]. Hence, the consequences of CoVID-19 pandemic for the rural population will depend partly on the health risk communication and viral awareness. Pandemic communication gaps may increase vulnerability among rural populations, which may trigger disease misconceptions, uninformed policies, insufficient planning, and fostering non-resilience, predisposing the population to communicable viral risks \[[@B95-ijerph-17-04279]\].

One way to potentially fix this gap could be by using and ensuring that the local news media (i.e., local news channels, local newspapers) have accurate, current, and practical advice for their viewers. Rural areas rely heavily on media specifically, local media, for their information. Yet a study on a rural area in California found that in general, many local news sources did not include important information about health issues that were affecting the area \[[@B96-ijerph-17-04279]\]. While dealing with CoVID-19, it is imperative we use these key news sources to reach areas that traditional media will not. If accurate data and advice can be presented in these sources, it can be an indispensable asset in preventing the reach of inaccurate misconceptions and increase participation in community-based mitigation strategies.

4. Discussion {#sec4-ijerph-17-04279}
=============

The viral outbreak of CoVID-19, declared as a global pandemic, continues to overwhelm the healthcare system with increasing number of patients presenting with clinical symptoms of this coronavirus. This increasing rate of incidence of this contagion presents with its own challenges, burdening healthcare institutions, global economy, impacting the physical and mental health of people worldwide. Although several strategies have been adopted to mitigate the effects of this viral outbreak, the rural population has been largely ignored, despite the high risks of morbidity and mortality among this population. This review aims to provide a clinical insight into the outbreak of CoVID-19, outlining the pathogenesis, transmission dynamics, and clinical characteristics of the patients tested positive for this virus ([Figure 1](#ijerph-17-04279-f001){ref-type="fig"}). Although the development of a SARS-CoV-2-specific vaccines is still under clinical trials, this review discusses pharmacological and non-pharmacological interventions that are widely being used by healthcare professionals to manage the symptoms and combat the impact of the virus on patients. Finally, this review provides an outline of the challenges and implications of CoVID-19 in a rural population, given that a large percentage of the population in a rural setting are frail subjects with pre-existing comorbidities, individuals with obesity, and individuals having a smoking history, who are at higher risk of mortality. Considering the age stratification, pre-existing co-morbidities such as obesity, smoking status along with limited healthcare access, resources, and health literacy, the rural population might be at a significant risk. Because of the dynamic nature of the pandemic, a conceptual framework is required for current and post-pandemic stages of CoVID-19, inclusive of strategies to mitigate the risks of this contagion in the rural population.
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